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ABSTRACT 

» 

The feasibility of coupling a pair of amphibious tracked vehicles 
has been studied, with the objective of improving the land and water 
performance. 

r 

Recommendations are made for a coupling system and its controls 
and for an articulated configuration. The advantages in land and 
water performance, as well as the drawbacks, are presented in compari- 

p son to single vehicles. 

The advantages exceed the drawbacks, it is recommended that 
existing vehicles be coupled and tested to establish their operational 
capabi1ity. 

KEY WORDS 
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1.1 EXECUTIVE SUMMARY 

Basic Study : The Davidson Laboratory, Stevens Institute of Technology, 
has completed a study to explore the feasibility and potential pains in land 
and water performance that can be expected by tandem "coupling 1 of two identi¬ 
cal amphibious landinq vehicle assault craft without compromising their per¬ 
formance when decoupled to again become single vehicles. In addition, a brief 
study was also made of the feasibility of "articulated" amphibious vehicles, 
a concept similar to a tractor-traiIer system wherein the lead unit contains 
the engine and drive mechanisms and the rear unit contains the troops, arm¬ 
ament, etc. 

History of Coupled Vehicles: It is shown that coupling pairs of vehicles 
has long been recoqnizcd as a means for improving their cross-country mobility. 
They have found acceptance by both commercial users in exploring isolated areas 
in Canada and the Alaskan North Slope and by the military where superior surface 
mobility was required in snow and ice environments. Since coupled vehicles 
also appear to have improved performance in calm and rough water, it was natural 
for the U.S. Marine Corps to consider tieir potential in the search for improved 
amphibious assault landing craft. 

Coup 1ing Sys terns: The present study considers coupling systems varying 
in capability from a simple unpowered ball joint to a powered cone-socket 
coupler where relative pitch ( 4 30°) and relative yaw ('30°) between vehicles 
can be controlled while maintaining relative roll freedom. It is concluded 
that this later concept, which consists of a cone socket in the bow of the 
rear unit and a penetrating cone in the stern of the forward unit, is most 
attractive for the following reasons; it has the minimum system weight of all 
actively coupled concepts (approximate1y 3800 lbs. for an LVTP-7 vehicle); it 
is easily remotely uncoupled on land and in water; it is easily remotely coupled 
on land with the potential of remote coupling in calm water and in beam seas; 
it has optimum location of the pitch and yaw axis; it has a minimum intrusion 
into the stern ramp; it preserves the cargo hatch; it does not compromise 
the performance of each unit as a separate vehicle; each vehicle shares in the 
power supplied to the joint; it allows each vehicle to be identically equipped 
so that they can be either a front or rear unit as necessary. It is expected 
that there will be drivers available in both vehicles, although, when coupled. 
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control will be by the driver in the forward or master unit. 

Cont roIs: Pitch anj yaw conirol can be obtained by means of hydraulic 
cylinders located in both vehicles. A pump in the forward vehicle (powered 
by its main engine) operates the pitch cylinder while a pump in the rear 
vehicle operates the yaw cylinder. 

Both engines in the coupled vehicles will be operated in concert and 
synchronized. This can be accomplished by using a servo-actuator on the 
rear engine which is slaved to the mechanical controls on the forward engine. 
Any failure in the electrical system will immediately engage the mechanical 
controls on the rear engine which can then be operated by the driver in that 
vehic1e. 

Remote transmission controls are not warranted since the driver in the 
slave vehicle can, by voice command from the master vehicle, set the required 
transmission range. 

Braking of the coupled units can be done within the transmission, 
resorting to power down-shifting if necessary. 

The controls for steering and pitch actuation are placed with the driver 
in the master unit. Either a "joy-stick" or a steering wheel control can be 
selected to activate the hydraulic control cylinders. 

Expected Land Performance for Coupled Vehicles: To illustrate the land 
performance of coupled amphibians, a study was made of the potential gains 
in performance for coupled LVTP-7 vehicles as compared with a single LVTP-7. 
These resuIts are: 

1. Increase in the negotiable obstacle height from 3 ft. to 7 ft. 

2. Increase in trench width crossing from 8 ft. to 14 ft. 

3. Increase in short slope negotiation from 39"' to 1002. 

4. Water exit on slopes up to 672. (Maximum exit slopes for 

single LVTP-7 are not presently available). 

5. Approximately a 752 increase in speed for a cross-country 
ride at 6 watts absorbed power. 

6. Get-home capability if one of the coupled vehicles is disabled. 

7. More efficient power transmission in steering. 
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8. Better performance and sleerino in marginal terrain. 

Some of the disadvantages as ociated with coupling are listed 

below: 

1. Larger turning radius (no pivot turns). 

2. Increased target size. 

3. Additional hardware and controls results in an increase in: 

weigh t 

internal occupied space 

cost 

maintenance and driver training 

Expected Water Performance for Coupled Vehicles: Compared to a 
single LVTP-7, it is expected that the following gains in water performance 
will be achieved by coupling the forward vehicle to have a 15 ° pitch in¬ 
cidence relative to the rear vehicle. 

1. The calm water drag of the coupled vehicle, on a per ton basis, 
is 75? that of a single vehicle. 

2. There is substantial nose-diving of a single vehicle at speeds 
in excess of approximately 7 mph. The coupled vehicle shows 

a continuous increase in bow trim with speeds in excess of 
7 mph with no tendency to bury the bow at intermediate speeds. 

3 . Since coupled vehicles reduce the calm-water drag and eliminate 
bow burying, speed improvements of nearly A mph are possible 
depending upon the installed power. Such speed improvement could 
not be obtained with the existing LVTP-7, no matter what the power, 
because o f extensive water over the bow. 

b. In head seas of 2.2 ft., significant wave height (Sea State 2), 
the coupled vehicle can operate at 10 mph whereas the single 
vehicle is limited to speeds of about 6 mph. 

5. The acceleration of the coupled vehicles in Sea State 2 attains 
their maximum values at a speed of 8 mph. The RMS acceleration 
is only 0.08g and the average of the 1/10-highest peak acceleration 
is 0.2g at the C.G. of the forward vehicle. The accelerations in 
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the single and coupled vehicles are similar, but the pitch 
motions of the coupled vehicles are nearly 507 less in the 
4 to 6 mph speed range. 

6 . Either configuration has accelerations well below the one-hour 
exposure "fatigue decreased proficiency" limit recommended by 
the InternationaI Standards Organization, and both are below 
even the ISO two-hour exposure limit. 

Performance of Articulated Vehicles: The articulated vehicle is a 
multi-unit vehicle which is designed to operate in unison at all times and 
under all conditions. A viable concept which has been developed in this 
study consists of a forward section containing the main power plant and 
transmission and, possibly, also containing automatic armament and ammunition. 
The rear unit contains all personnel, including the driver, and an auxiliary 
engine. The articulation joint with powered pitch and yaw articulation 
and freedom in roll is contained in a sealed enclosure. The overall length 
of the vehicle is 33 ft. (14 ft. forward section and 19 ft. aft section), 
the gross weight is estimated to be 54,000 lbs. and there is only one main 
engine of 890 GHP which is controlled by the driver. Steering and pitch 
control are by either joystick or steering wheel directly to the hydraulics 
actuating the joint. 

The expected performance of an articulated vehicle, compared to a 
single LVTP-7, is: 

1. Step obstacle height of 4 ft. compared to 3 ft. 

2. Trench width crossing of 14 ft. compared to 8 ft. 

3. Negotiates a 582. short slope in soft soil compared to 39% 
for a single vehicle. 

4. Can water exit on a slope of 67 %■ 

5. Cross-country speed increased nearly 19% for 6-watt ride. 

6 . Turning radius 33 ft. compared to 15 ft. for single vehicle. 

7. Since model tests were not performed, estimates of the water 
performance are not available, although they are expected to 
substantially exceed those of a single LVTP-7- 
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2.1 CONCLUSIONS 

Based on the results of the present study, it is concluded that 
either coupled or articulated amphibious assault landinq vehicles are 
feasible and can easily be adapted to existing landing craft and/or new 
designs. The expected improvement in land and water-borne performance 
are impressive and are judged to outweigh those disadvantages associated 
with coup led units. 

2.2 RECOMMENDATIONS 

Design, fabricate, and install a suitable coupling system which will 
allow a bow-to-stern attachment of two LVTP-7 (or LVTPX-12) vehicles. 

Conduct tests on land, in water, and in surf to demonstrate the 
expected advantages of coupling and to provide operational evaluation and 
experience related to coupled amphibious vehicles. 
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3.1 INTRODUCTION 

The Davidson Laboratory of Stevens Institute of Technology has 
been requested by DTNSRDC, Code 112, to explore the feasibility and 
gains in performance that can be made by coupling and articulating 
future Marine Corps Landing Vehicles. This is the first step towards 
the short range goal which is to demonstrate the added capabilities 
(and to measure such performance) with a test vehicle assembled from 
two contemporary vehicles. The longer range goal is to apply the 
practical and analytic knowledge gained to future vehicles to be 
developed by the Marine Corps. 

3.2 BACKGROUND 

The coupling of pairs of vehicles has long been recognized as 
a means of improving their cross-country (off-road) mobility (Reference 1). 
Reasons for this improvement in performance include the improved ability 
of the coupled vehicles to conform to the terrain, the inter-vehicle 
assist provided by active coupling and, for tracked vehicles, reduction 
in steering losses. Coupled vehicles have found acceptance where 
there has been a need for superior surface mobility by both commercial 
users (e.g., the "Muskox" and "NodweU" vehicles used by oil companies 
in exploring isolated parts of Canada and on the Alaskan North Slope) 
and the military (e.g., the articulated tracked Snow Vehicle "BV 202” 
used by the Swedish Army, the U. S. Army M-561 and the Pole-Cats used 
on the Greenland Ice Cap). 

The ability of coupled and articulated vehicles to negotiate 
terrain impassable to a comparable single vehicle has also been demon¬ 
strated by such prototype systems as the U5/Canadian XM-571, the "Jeep 
Train" built for TRECOM, the MEXA Vehicles built for the U. S. Army, 
the "Twister" designed by Lockheed, and others. The additional 
improvement in mobility which can be achieved by articulated vehicles 
with active control of the pitch articulation has been demonstrated 
in experiments with the three-unit "Cobra" built by WNRE for the 
Land Locomotion Laboratory of the U. S. Army. Table I is a short 
historical overview of the characteristics of the more pertinent 
articulated vehicles. 
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The most recent research effort in the area of actively coupled 
vehicles was the Cybernetically Coupled Research Vehicle (CCRV) program 
(Reference 5)* In this program, two existing tracked military vehicles 
were coupled with powered articulation which was controlled in pitch 
and yaw by a single joy stick incorporating force feedback. The 
vehicles used were M-113-A1 Armored Personnel Carriers, selected to 
demonstrate the feasibility of retrofitting this special-purpose system 
onto existing hardware and to allow a direct comparison of the per¬ 
formance of a single unit with that of the coupled system. The CCRV 
was shown to be superior to the single M—113 in cross country ride, 
soft soil maneuverability and water speed, and far superior in vertical 
obstacle negotiation, trench crossing ability, and water egress capa- 
bi1ity. 

Much of the knowledge and experience gained with this vehicle 
can now be applied directly to tracked amphibious landing craft. How¬ 
ever, the prior studies centered on performance on land, so little 
data is available on the effects of articulation in water. It is 
the purpose of this study to explore the operational feasibility of 
coupling two standard U. S. Marine Corps amphibious tracked 
landing vehicles and to validate techniques to predict the expected 
performance of future coupled or articulated vehicles operating on 
land and in water. 

3-3 OBJECTIVES 

The objectives of this program are: 

1. Explore, by use of scale models, the gains that can be 
made in water performance by vehicle coupling. 

2. Estimate the land performance of coupled vehicles using 
an extension of existing analysis methods and comparisons 
with known vehicles. 
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3. Develop coupling concepts which are suitable for the 
U-S. Marine Corps mission which can both be demon¬ 
strated for the near term and be compatible with 
contemplated future vehicle developments. 

It. Investigate two groups of concept: that of vehicles 
which primarily operate as single vehicles but can 
be coupled when necessary and that of a multi-unit 
arrangement which always operates as a single 
articulated vehicle. 
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h. CONSTRAINTS AND ASSUMPTIONS 


The preservation of the existing operational capabilities of the 
vehicles impose certain constraints on the coupling systems. In addi¬ 
tion, there are assumptions that can be made based on the expected use 
of the coupled vehicle. These constraints and assumptions are not 
necessarily the same for both the coupled and the articulated concepts. 

For the purpose of this study, the term "Coupled Vehicles" means 
two or more individual vehicles which are optimized for operation as 
single units but can be coupled together when operational conditions 
or mobility requirements dictate it. By contrast, an "Articulated 
Vehicle" is one designed to operate as one multi-unit vehicle at all 
times under all conditions; it should only be broken apart for ease 
of transport, for marriage with another mate of different capabilities 
(wreckers, cargo carriers, tankers, etc.) or for survival when the 
other unit has been catastrophically disabled. 

The constraints and assumptions used in the development of the 
concept will be: 

For the Coupled Vehicles: 

1. Preserve the rear ramp and emergency exits. 

2. Preserve the cargo hatch. 

3- Be able to uncouple both on land and on water. 

b. Assume there will be a co-driver/monitor in the 
slave unit. 

5 . Equip all vehicles identically so that they can be 
either a front or a rear unit, interchangeably. 

6. Preserve individual vehicle capabilities unimpaired. 

For the Articulated Vehicle: 

1. Do not exceed 33 ft in overall length. 

2. Have an exit ramp for the troop compartment. 

3. Have a top cargo hatch for the troop compartment. 
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4. Have an emergency disconnect capability, with 
unit capable of limited individual operation. 

5 . Have only one driver. 
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5.1 CONCEPT DESIGN AND ANALYS IS 

The investigation started with the layout of a series of general 
concept ideas for the coupling of individual vehicles. The seemingly 
arduous development of the concepts served the purpose of providing the 
necessary basic configurations and information as input to the hydrodynamic 
scale model test program, to the land performance evaluation and to the 
comparison with known vehicles. These concepts progressed from the 
simplest coupling arrangement with limited capabilities to the more 
complex, as the detailed requirements became more clearly defined. The 
progression of the coupled concepts is shown in Figures 1 through 12. 

The feedback from model experiments and mobility analysis placed emphasis 
on the later concept versions, in order to realize the full potential 
of the improvements possible in both land and water performance. Using 
the primary evaluation factors in Table II discussed below, concept A12, 
shown in Figure 12, was selected as the one which best combines most of 
the desirable features with minimum complexity, space, weight and cost. 

The primary factors used in the evaluation of each concept layout 
are listed in Table II, They are based on the following arguments: 

RANGE OF MOTION : Experience with existing coupled and articulated 

vehicles, and the results of the model studies, show that the 
following degrees of freedom in the joint are necessary to 
perform the required functions of the vehicle. 

Yaw articulation control is necessary for vehicle directional 

control. In its simplest form it is the type of steering 
that almost all front end loaders use. The military Goer 
vehicles are also an example of simple yaw steering. Yaw 
articulation of multi-unit tracked vehicles permits the 
use of an effectively long vehicle (desirable for mobility) 
which can still be steered. Tracked single-frame vehicles 
which have a ground contact length to tread spacing (L/T) 
ratio in excess of about 2 to 1 are impossible to steer. 

It is expected that yaw control will also be beneficial 
in steering the craft in the water-borne mode. 
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Pitch articulation freedom is necessary for the individual units to 
be able to conform to undulations in terrain and to negotiate 
obstacles. Controlling pitch attitude by powered articulation 
permits the crossing of obstacles not otherwise possible, and 
produces all the advantages of a long vehicle for ditch crossing 
and cross country ride. In the water-borne mode, pitch articula¬ 
tion is most beneficial in reducing hydrodynamic drag and 
improving visibility. 

Roll freedom is necessary to distribute the ground pressure under the 

suspension elements relatively evenly. Experience shows no need 
for this motion to be powered and controlled. In the water-borne 
mode,rol1 freedom allows the coupled system easily to adjust to 
the irregular wave forms, particularly in oblique seas. 

POWER SUPPLY : The power for the articulation should be generated by the 
engine of the vehicle on which the joint actuation hardware is 
mounted, in order to minimize power transmission problems. 

Hydraulic or electric systems and their combinations with mechanical 

components are all possible candidates for transmission of power. 
Should the coupling be configured such that each vehicle carries 
part of the system then each vehicle will power that component 
which it carries . 

CONTROLS: The preferred location for the control station is in the forward 

vehicle, for best visibility. For certain operations the control 
from the rear may be of advantage, as when coupling the vehicles. 
Transmission of the control command and feedback signals from 
one vehicle to the other involves only the risk of the electrical 
inter-vehicle signal connection. All controls must be fail-safe 
to prevent run-away vehicles and in the sense that limited, or 
manually controlled, operation is still possible if the inter¬ 
connect system fails. 

REMOTE COUPLING AND UNCOUPLING: This is considered to be an essential 
requirement for a combat vehicle. Coupled vehicles are intended 
to operate primarily as a single vehicle and should be coupled 
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only when the operational requirement dictates it. Subsequently, 
they are to be uncoupled again and operate as sinqle vehicles. 

Any coupling concept that requires the manual assistance for 
coupling or uncoupling from outside of the vehicle is considered 
to be unacceptable. 

INTERFERENCES WITH EXISTING VEHICLE FEATURES: Vehicle features essential 
for its mission should not be interfered with. Such features 
include the stern ramp, cargo hatches, personnel exits, and 
armament. Its mobility as a single unit, its propulsion elements, 
angles of approach and departure, ground clearance and pivot turn 
clearance should not be compromised. 

SPECIAL STRUCTURE REQUIRED: Special vehicle structure other than that of 
the coupling joint itself, will be necessary in the adaptation of 
an existing vehicle. This probably would not be necessary in the 
development of a new vehicle with coupling in mind at the start 
of the design. 

GRAVITATION COMPONENTS: The best location for the yaw axis and that for 
the pitch axis do not coincide. For the best steering efficiency, 
the yaw axis should be at the midpoint between the geometric 
center of the tracks of the front and rear units (this is usually 
also close to the midpoint between the two centers of gravity). 

For best obstacle crossing capability, the pitch axis should be 
as close to the leading unit as possible in order to produce the 
maximum possible pitch-up attitude of the leading unit for a 
given inter-vehic1e pitch angle. 

FORCE LIMITATION addresses the possibility that a coupling concept may 
be limited in the force that can be transmitted by the joint by 
reason of its inherent design, not because of the sire chosen. 

WEIGHT DISTRIBUTION: The added weight of the coupling system and its 
location on the vehicle will affect the weiqht distribution. 

Excess weight in the bow produces undesirable effects in the 
hydrodynamic performance of the single vehicle. A large unbalance 
in either the front or rear, will moke coupling difficult, if not 
impossible in water. 
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VULNERABILITY pertains to the added components and their assemblies. 

Exposed components are obviously less desirable than a location 

which is protected within the hull. 

5.1.1 Coup I ed Veh i c 1 es ' f 

Concept 1 does not provide any powered articulation, it simply 
couples the vehicles such as to allow an i nter-vehic1e assist. 

Concepts 2 and 3 provide powered yaw articulation only, with a 
2 and 3 point connection not suitable for remote coupling. J 

Concepts 4 and 5 provide powered yaw and pitch control, with 
a three point connection. Concept 4 has independent yaw and pitch, 
in concept 5 tfie two cylinders provide both pitch and yaw, if they 
are contracted and extended in unison the vehicles pitch, if one is 
contracted while the other is extended the vehicles steer. Combinations 
of yaw and pitch are possible within the limits of the geometry. 

Concept 6 is based on the same layout as Concept 5 but has a 
mounting frame added so that the vehicles can be coupled remotely. 

Concept 7 is an attempt to provide yaw articulation at a minimum 
effort. Since there is no roll freedom it is doubtful that the hardware 
could survive the stresses induced by the roll-motion between vehicles. 

Concept 8 provides for pitch control only, yaw control is provided 
by track steering. This system is of advantage only for simple obstacle 
crossing and for pitch attitude control to improve hydrodynamic performance. 

Concept 9 utilizes an off-the-shelf turntable assembly normally 
used for cranes and backhoes for the yaw articulation joint. It is cheap, 
relatively light, can be driven by electromechanical means, and distributes 
the load on the vehicle. Pitch articulation is effected with a separate 
cylinder. The coupler, of conical shape for ease of connecting, provides 
the roll freedom. This arrangement is not yet optimum for remote coupling 
because the fixed receptacle is on the rear unit and the moveable parts 
are attached to the forward unit. Because the driver of the rear unit has 
the visibility to do the coupling-up, he would need to communicate to the 
driver in the forward unit how to make the position adjustments with the 
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cone to match-up with the socket. 

Concept 10: Mainly for the ease of coupling the fixed portion 
of the coupler has been located on the Forward unit. Now the rear 
driver has all the controls to position both the vehicle and the coupler 
for a match-up. Pitch and yaw are controlled by the same two cylinders. 
The pitch pivot is the lower section of the bow. The yaw motion is about 
the vertical trunnion axis. The overriding negative aspects of this 
concept are that: 

1. Most of the weight is placed in the bow of the vehicle, 
which is unacceptable for water operation as a single 
unit, and 

2. The pitch axis is located too far to the rear of the 
combination which will result in lifting the rear a 
greater amount than the front; this is a poor attitude 
for obstacle negotiation. 

Concept 11 is a repeat of the previous one but with all components 
moved below the deck line to reduce interference with driver visibility, 
at the expense of intruding in to the space of the rear ramp. 

Concept 12 separates the location of the pitch and yaw axis 

and the actuation cylinders. The yaw axis is near the midpoint of the 
ground contact areas of the two units. The pitch axis is as far forward 
as possible for maximum pitch up attitude of the forward unit. The cone 
socket is contained in the yaw apparatus in the rear unit. The pitch 
cylinder acts directly on the cone without intermediate stiucture. In 
coupling, the rear driver has direct control over the yaw adjustment but 
not of the pitch attitude. The weight of the components is about equal 
in front and rear and most importantly, the hydraulic pumps and assorted 

components can be one-half the size in each unit. The pump in the forward 

unit supplies the pitch cylinder, the one in the rear the yaw cylinder. 
Thus, both pumps are working, whereas in all the other concepts, one pump 
is always idle. 

The concept is shown with an intrusion into the stern ramp space, 
however, the height remaining is sufficient to drive a jeep through with 
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the windshield lowered. The whole assembly can also be moved upward 
with a concommittant compromise in driver visibility. 

All features considered, this concept combines the most attractive 
features, especially those of minimum system weight, power sharing of the 
two units, and optimal location of the pitch axis and yaw axis. It is 
therefore, considered a prime candidate for further consideration. The 
coupler is shown in detail in Section 5-1.3- 
5.1.2 Articulated Vehicles 

As the study progressed, it was expanded to include an arti¬ 
culated vehicIe. 

By definition, this is a multi-unit vehicle which is desiqned 
to operated in unison at all times, and under all conditions, it is only 
to be broken apart for transport or conceivably when a power unit is 
used in conjunction with special purpose working units. One very useful 
exception for a tactical vehicle may be the ability to jettison a disabled 
power unit and for the troop section to be able to reach cover under its 
own power. 

Only one viable concept, with some minor variations, met all the 
constraints imposed on the design. It is shown as Concept 13- As 
depicted in Figure 13, it consists of a forward section containing the 
main power plant and transmission, possibly also automatic armament 
and ammunition. The rear section contains all personnel, including the 
driver, and the auxiliary engine. 

Its tentative main characteristics are: 


1ength, 

overa 1 1 

33 

ft 

1ength, 

forward section 

14 

ft 

1ength, 

rear section 

19 

ft 

curb wei 

qht 

54,000 

lbs 

weight, 

forward section 

15,200 

lbs 

weight, 

rear section 

38,800 

lbs 

ground contact pressure 

6 

ps i 

turninq radius, vehicle 
clearance (wall to wall) 

35 

ft 
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The articulation joint with powered pitch and yaw, and roll 
freedom is contained in a sealed enclosure. The driveline passes 
through its center. The joint can be similar to one widely employed 
in contemporary articulated vehicles and schematically shown in Figure lA. 
The heavy load bearing structure is concentrated on either end of the 
joint. The track and suspension are simplified because the articulation 
permits variable geometry, especially of the angle of approach. 

A conceptual powertrain is laid out in Figure 15, principally 
for the performance evaluation of Section 6.1. The 890 GHP main engine 
is coupled to a twin shaft powershift transmission. One shaft goes to 
the lead unit differential, the other through the articulation joints to 
the rear differential. Both differentials are open so that the speed 
of each track is free to conform to its turning radius, since steering 
is done by yaw articulation, with each track supplying the full tractive 
effort. The final drives for the front and rear unit are directly 
flanged to the joint structure for minimum weight. 

The rear unit, which contains the troop compartment, has its own 
100 HP auxiliary powerplant. This engine supplies the hydraulic power 
for steering and pitch control when articulated, and also to the two 
hydraulic motors in the rear section final drive when the troop section 
has to be self propelled. In addition, the auxiliary power plant 
supplies air conditioning and ventilation for CBR operation, and heat, 
electric and hydraulic lower for stand-by use. 

The water jets are driven mechanically from a power take off 
between main engine and transmission so that the tracks can be selectively 
disengaged. This places the water jets in the forward section which is 
less efficient than in the rear, but is offset by the weight savings in 
the driveline. Deflectors behind the water jets will move in conjunction 
with yaw articulation for optimum steering effort. Figure 16 shows the 
concept in the calculated floating attitude, additional bow up pitch 
attitude can be used for bow wave depression. It is recommended that 
hydrodynamic model tests be performed, to evaluate the water-borne 
uerformance of this unigue concept. 
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The controls of the main engine and transmission, and conversely 
that of yaw and pitch, are either direct or remote depending on the 
location of the driver. The preferred location of the driver is in the 
rear unit for survivability, but in the forward unit he would have better 
visibility. Tactics, survivability and crew back-up are additional 
considerations. The configuration shown in Figure 13 shows all personnel 
contained in the rear unit. 

The articulated vehicle can have three modes of operation: 

1. Normal propulsion of both sections from the main engine, 
auxiliary power from the small engine in the rear unit. 

2. Get home capability while experiencing a main powertrain failure; 
both units are connected and steered by articulation, the propulsive 
power is supplied by the auxiliary engine. 

3. Emergency -- the forward unit is disabled and jettisoned; the rear 
unit with troop compartment is driven as a single track steered 
unit using the power from the auxiliary engine via hydraulic 
motors to each track. 

The levels of performance that can be achieved in these three modes are 
presented and discussed in Section 6.1.2. 

5.1.3 Quick Disconnect Coupling 

A number of quick disconnect couplings were investigated during 
the progression of the coupled vehicle concepts. As Concept 12 emerged 
as the most advantageous combination, the exact design details for 
the coupling joint could also be defined better. Figure 17 shows the 
layout of the quick coupling joint as it is used schematically in 
Concept 12. The principal size and weight calculations are included 
as Appendix A. The cone, its support to the pitch joint, and the pitch 
hydraulic cylinder are attached to the stern of the forward unit. The 
socket, the yaw joint and the yaw cylinder are mounted in the bow of the 
rear unit. The cone is free to rotate in its socket to provide the 
freedom in roll. The joint, as laid out in Concept 12, provides for 30° 
pitch-up, 30° pitch-down and t30° in yaw. The force exerted by the pitch 
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actuator is directly applied between the vehicle structure and the 
cone structure. The yaw pivot is directly attached to the socket. 

The quick connect and disconnect function is performed by the series 
of balls arranged circumferentially to engage in the groove in the cone. 
The locking sleeve keeps the balls locked into the groove in the position 
shown. When the sleeve is slipped forward, the balls are free to dis¬ 
engage the cone. The locking sleeve is remotely actuated. Electrical 
(or fiber optics) connection for signal transmission and communications 
is made by a concentric ring connector in the tip of the cone. 

The funnel shape of the cone allows for some misalignment during 
coupling. A similar cone shape connector was successfully used on Jeep 
Train II. The outside diameter of the cone is 20 inches based on the 
extremely severe static loading conditions shown in Appendix A. 

Dynamic loads will be limited, to correspond to these loadings, by use 
of proper hydraulic relief values. Should it be found desirable to use 
the coupling concept for water operation only; this diameter can be 
reduced to 14 inches. 

5.2 CONTROLS 

5.2.1 Background Experience 

Contemporary articulated vehicles are all powered bv a single 
engine and transmission located in one of the units (Ref. 1). Generally 
the engine is located in the same unit as the driver, thus, no special 
control is needed. Power is usually transmitted mechanically to the 
multiple elements via a mechanical drive line. Thus, the manipulation 
of engine and transmission controls is no different than in a single 
vehicle. Braking is usually done on the drive line. In the cases where 
the engine is in another unit, simple remote actuators are all that is 
needed. 

However, in the case where individually powered vehicles are 
coupled together and their combined power output is utilized, it 
becomes necessary to perform all driver functions from one control 
station. Coupled rail-cars, powered trailers for heavy equipment, 
earthmovers, etc., are civilian examples of multi-engine applications. 
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The military experimented with mu 11i-e1ement vehicle trains in the 1960's, 
when several large ones were built using the locomotive concept with a 
single power source For the train. Another approach subsequently taken 
was to utilize individually powered units which could be used as a train 
or as single units. Stevens Institute investigated this concept by 
building two trains comprised of fcur jeeps, considered scaled models of 
larger units. The first jeep train was a proof-of-concept exploratory 
unit, (Ref. 2), the second a demonstrator of operational capability (Ref.3 )■ 

It was expected that the mobility of the train would exceed that of 
single units because of the assistance possible between units. But 
mathematical analysis and analog computer simulations showed that in¬ 
stabilities could arise from a mismatch of tractive effort in operations 
in difficult off-road terrain. Thus in the course of the design of the 
first jeep train, an electro-mechanical engine control system was designed 
which would allow the exploration of several modes. 

The train was equipped with torque converter-automatic transmissions 
and an e1ectro-mechanica1 engine control system which permitted the testing 

* with simple throttle position control, engine speed control, drawbar force 

control or force and position modulated engine control. All brakes were 
centrally controlled and actuated by air. The train was fully instru¬ 
mented to permit its evaluation in comparison to the analysis. 

^ In over 300 tests involving all types of terrain and operational 

situations it was conclusively proven that none of the highly sophisticated 
control systems alleviated all of the less desirable tendencies of the 
train, and that driver reactions and reliability favored the simple throttle 
position control. 

A second generationfour-unit train using a simple master-slave 
pneumatic throttle control system was subsequently built as a demonstrator 
of operational capability. Any one unit could be a lead unit, only one 
driver was required. Each vehicle was equipped with a simple pneumatic 
throttle actuator, a torque converter-automatic transmission and pneumatically 
actuated brakes. The engine load was synchronized by adjusting all actuators 
to the same engine rpm at full throttle against the load of the torque 
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converter at stall. Transmission range to be used was manually 
selected before getting unde'way. This train proved in many 
demonstrations that the simple master/slave system was successful in 
synchronizing the output from all four vehicles in all types, on-and 
off-road operation, ranging from extremely slippery terrain to severe 
hill climbing and (relatively) high speeds on roads. By being simple 
the system also proved to be very reliable. 

The experience gained with the controls of the Jeep Train 
was then applied to the CCRV (Ref. k) . This vehicle consists of 
two standard M—113 - A1 APC's coupled by a powered pitch and yaw 
controlled articulation joint. The purpose was to investigate the 
increase possible in mobility and obstacle crossing including the 
use of force feedback from the joint to the driver. Each engine was 
equipped to be remotely actuated by an electro-mechanical positional 
servo, actuating the governor controlled fuel injection pump. The 
master unit used its mechanical linkage for actuation. Its position 
was signaled to the slave which followed to the same position. The 
transmission selector was actuated using the same principle: the 
master retained its mechanical linkage; the slave followed by servo. 
Both controls were fail-safe so that the engine returned to idle and 
the transmission to low-low in case of electrical failure. The engines 
were started individually but could be stopped remotely. Again, in 
case of control failure, the slave engine would shut down. Signals 
for low oil pressure, no charge, and high temperature in the remote 
engine were transmitted to the master control station. The driver 
station could be switched from the first to the second unit, hence 
the need for remote actuators in each unit. 

Deceleration was accomplished by downshifting while underway, 
and final stopping by using the brakes of the master unit only. This 
arrangement^ although normally satisfactory, proved to be insufficient 
to come to a full stop on very steep downgrades. 

Engine load was synchronized by matching engine rpm, at each 
position, against the stalled torque converter load. The transmission 


-21- 


R-?82 


selector was matched to each of the positions. The coupling system was 
actuated by hydraulic cylinders and controlled electronically, which 
permitted several variations in control strategy, ard positional and 
force feedback. 

Control of the articulation motion was done by a simple joy 
stick; fore and aft movement provided pitch down and pitch up motion 
res r ectively; side movement produced the appropriate steerinq motion. 
Diagonal motions resulted in any combined pitch and yaw movement 
possible within the constraints of joint geometry. This system used 
positional control; that is, the vehicle attitude was proportional 
to the position of the control stick (such as in the steering of a 
car), in contrast to standard hydraulic systems which are flow controlled, 
such that the motion continues as long as the signal exists. The 
positional system proves to be highly successful and very natural 
to operate. 

One of the main objectives of this venture was the investigation 
of the benefits of a force feedback system in which a proportion of 
the intervehicle pitching force was transmitted to the control stick. 

This feature provided the driver with a feel of the progress of the 
vehicle over an obstacle and was to compensate for the lack of 
visibility. Driver reaction to this feature was mixed and its merits 
were never clearly established. Genera 1-cross country operation wad¬ 
judged to be just as easy to handle without the force feedback system. 

In as much as the coupled vehicles under consideration here 
can be considered a direct descendant of the CCRV, it is natural that 
its controls should be based directly on the earlier experience. 

Notable exceptions, in the interest of simplicity and reliability, 
will be: 

1. Intervehicle force feedback to the driver will not be used 

2. Transmission ranqe selection can be done manually by the 

co-driver (in the other vehicle) 

3. Vehicle braking to a stand still will be done with the 

help of the co-driver. 
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4. Engine start-up and shut down, as we]) as engine 
monitoring and other auxiliary functions, can 
be performed by the co-driver. 

It is therefore recommended that the following controls be 
considered as the case may apply to either the coupled or articulated 
vehicle system. 

5.2.2. Engine Control 

Coupled Vehicles 

In any set of two vehicles coupled together, one will be master 
and the other the slave. The driver is located in the master unit; the 
extra driver in the slave unit. It is imperative for proper operation 
of the coupled vehicles that both engines be operated in concert, 
and synchronized. The engine control of the master unit will be actuated 
with the standard mechanical linkage. A position pick-up (such as a 
potentiometer) transmits that position to a servo-accuator on the slave 
unit. This actuation will position the slaved control until the error 
signal is removed, i.e., its position is identical to that of the master 
unit. 

The polarity of the system has to be such that the rack position 
goes to idle if there is a failure in the signal line. In the absence 
of an electrical signal, the engine of the slave vehicle is controlled 
by its mechanical linkage, just as during operation as a single unit. 

Articulated Vehicles 

There will be only one main engine which will be controlled either 
directly, or remotely, by the driver. The auxiliary engine is envisioned 
for emergency propulsion only, not in conjunction with the main engine, 
therefore there is no need for a master/slave arrangement. 

5.2.3 Transmission Range Selection 

Since there is to be a driver in the slave vehicle, remote trans¬ 
mission controls are not warranted. Transmission 1 ange can be selected 
manually on voice command. The articulated vehicle lias only one transmission. 
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5.2.4 Brakes 

Because it is anticipated that the vehicle will be coupled only 
under difficult off-road conditions where the rolling resistance is high, 
the braking of the combination is done within the transmission, resorting 
to power down shifting if necessary. The braking to a standstill can 
be done by voice command to the co-driver. 

5.2.5 Steering in Pitch and Yaw 

Coupled Vehicles : 

The controls for steering and pitch actuation must be placed 
with the driver in the master unit. The joystick control of CCRV was 
highly successful; it was the best approach for a vehicle cguipped with 
brake laterals. However, for vehicles equipped with a steering wheel, 
the yaw control may be incorporated into the natural steering motion 
via an electrical command signal. Depending on the steering characteristics 
of the transmission it may be necessary to coordinate the joint steering 
command with that of the transmission. The joint will be actuated hydrauli¬ 
cally, pitch and yaw may be interrelated or separate depending on design. 

The control signal will be electrical, controlling either flow control 
valves or pump stroke. The pitch command can be built into a fore-and-aft 
motion of the steering column or tilt motion of the wheel (which can be 
locked out for single operation). All controls will have positional 
feedback. 

A rticulated Vehicles 

Steering and pitch control can be by either steering wheel or 
joy-stick linked to the hydraulics actuating the joint. In normal 
operation there is no need for interaction with the transmission 
because of the use of open differentials. Under emeroency conditions, 
when the forward unit is jettisoned, the articulation joint hydraulics 
will supply power to two hydraulic motors in the final drive of the rear 
unit, using the same controls. If the driver is located in the rear 
unit, the main engine and transmission have to be controlled remotely 
but the articulation controls are directly connected to the hydraulics. 

If the driver is in the forward unit the above is reversed, and a co-driver 
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is needed in the rear for emergency operation. Ail articulation joint 
controls will have positional feedback. 

5.2.6 Coupling Connect and Disconnect 

Routine coupling and uncoupling applies only to the coupled 
vehicle concept. Connecting the coupling on land or in water has to be 
done by the driver in the rear unit', only he has the proper visibility 
to perform this function. Communication during this phase has to be 
by radio link since the hardwire connection does not exist until the 
vehicles are linked up. Differences in elevation of the two mating 
parts have to be adjusted by joint notion. Lateral misalignment can 
be compensated for by steering the single (trailing) vehicle and by the 
yaw articu1 ation. This type of linking up has been done successfully 
with the CCRV. Coupling under extreme attitudes, such as one vehicle 
stuck in a ditch, may well not be possible. 

Uncoupling of the vehicles will be possible at the option of 
each driver and probably at just about any att’tude. The engine control 
will return to the mechanical mode and to the fail-save position because 
the command signal is lost, alerting the co-driver that he is back in 
control. The pitch and yaw actuation becomes inoperative because the 
vehicles are disconnected. All other functions, having been performed 
by each driver while coupled, remain the same when single. 

The articulated vehicle is not intended to be easily, or routinely 
coupled and uncoupled in the field. There will be a provision to 
forcibly separate the units, in an emergency such os by detonating 
links; once that has been done the re-joining of sections is not expected 
to be a field operation. 

5.2.7 Water Steering 

The CCRV, being assembled of two M-113 1 s which have track 
propulsion only, showed that the coupled units being steered by yaw 
articulation only had the sane maneuverability as a single unit steered 
with differential track speed. 
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In the case of an amphibious vehicle with separate water 
propulsion devices it is expected to be of advantage to steer with 
both yaw articulation and the propulsors. For vehicles with a 
cross-drive transmission, this will not require special controls 
since the yaw articulation has to be connected into the normal steering 
mode, and the land and water mode steering system are interconnected 
for singles operation. Coordinating the propulsors with articulation 
will also prevent interference of the propulsor stream with the stern 
sect ion. 

5.2.8 Misee 11aneous 

Coupled Vehicles 

Since there is a co-driver in the slave unit, a number of 
functions not critical in their exact timing can be performed by the 
co-driver in communication with his master. In this category are: 

1. Engine starting and stopping 

2. Transmission range shifting 

3. Brakeapp1icat ion to augment transmission retardation 

4. Engage water propulsion 

5. Observation of low oil pressure, high temperature, low voltage, etc. 

6. Activate bilge pumps 

7. Uncoupling or coupling 

8. Overriding any automatic function when necessary. 

Articulated Vehicles 

If the driver is placed in the forward section, then the co-driver 
in the troop section is responsible for the monitoring of the auxiliary 
engine and the functions it performs. He also communicates to the driver 
any observations which might affect the operation of the articulated 
vehicle and which cannot be displayed to the driver. 
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6. PERFORMANCE EVALUATION 

6.1 LAND PERFORMANCE 

6.1.1 Tractive Effort 

For a track-laying vehicle, the tractive effort versus 
speed characteristic presents the maximum force available at the 
sprocket from the powertrain ( engine/1ransmission) at a given speed. 

If two identical vehicles are coupled, each can produce the same 
sprocket torque at a given speed so the shape of the tractive effort 
versus speed curve is the same for a single vehicle or the combination, 
but the coupled pair has double the tractive effort available (as 
well as double the weight of a single unit) (Reference 5)- 

For the articulated concept, as discussed earlier, a 
new powertrain was laid out (Figure 15)- The tractive effort versus 
speed graph (Figure 18) for the engine and transmission selected 
suggests that the manual transmission chosen for simplicity is not 
the optimal choice in this case. In particular, the addition of a 
torque converter would increase the tractive force available at 
low speeds. 

6.1.2 Acceleration 

The ability of a vehicle to reach a certain speed and to 
cover a certain distance as a function of elapsed time from a standing 
start is simulated in the acceleration analysis. The acceleration 
graphs present these results for various surfaces. For this analysis, 
the rolling resistance (soil motion resistance plus suspension rolling 
resistance) is assumed to be a fixed percentage of gross vehicle 
weight. The possible difference in soil motion resistance between 
a single vehicle and a coupled pair of vehicles, discussed below 
under soft soil, was not considered here. 

Because of the assumption that the ratio of motion resis¬ 
tance to weight and therefore that of tractive effort to weight, is 
the same for the single and coupled vehicles, there is no difference 


R-7082 


in the acceleration of the single nnd the coupled vehicles with full 
power. However, the coupled vehicles provide the possibility of 
operation with reduced performance even if one of the units is 
totally without power. To assess this capability, the acceleration 
simulation was run for the coupled vehicles with both vehicles powered 
and with only one vehicle of the combination powered. This simulation 
was done with five values of the ratio of motion resistance to vehicle 
weight and for three vehicles, the LVTP-7, the M113—Al and a paper 
concept. The three vehicles vary in weight from 22,600 to 52,000 
pounds per unit and the concept has a higher power to weight ratio. 

The results are presented in Appendix B. Figures 19 and 20 show, as 
an example, the comparative performance of coupled P-7's with either 
one or two engines operational. In ail cases, the performance remain¬ 
ing to the coupled vehicle with one unit disabled is felt to offer a 
useful operational capability. 

In order to obtain comparable results for the articulated 
concept further operational options have to be established: In normal 
operation, tractive power is provided by the main engine in the front 
unit. For the disabled unit performance simulation, it is postulated 
that: I) the main engine is disabled, and that all power is provided 

by the 100 HP engine normally used for auxiliary power; and 2) that 
the forward unit has been jettisoned and the rear unit only is propelled 
by the auxiliary engine. it is further assumed that 20*7 of this power 
will still be needed for other purposes and that the emergency power- 
train has 80h efficiency. The simulation was run only at a single 
value of 90 lb/ton motion resistance since the prior analysis for the 
coupled vehicles had shown no qualitative differences in the trend 
with change in this parameter. The simulation was performed both 
with the two-section articulated vehicle powered by the auxiliary 
engine and then with only the rear (personnel) section so powered. 

The results are presented in Figures 21 and 22. The degradation in 
performance is, of course, considerable but the remaining operational 
capacity is still significant in terms of the vehicles' survival. 


J 
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6.1.3 Soft Soil Performance 


Two soil measurement c stems are presently in use to assess 
vehicle performance in soft soil. One is the Cone Index system, and 
the other the Bekker system. Both have been developed primarily for 
standard (single unit) tracked vehicles. 

To use the Cone Index system, the vehicle cone index (VCIj) 
is first calculated for each vehicle. VC1^ represents the minimum 
soil strength (in rating cone index) required for the vehicle to make 
one pass through the soil, i.e., if the soil strength (RCI) in a region 
does not exceed VCIj, the vehicle cannot operate in the region. WCIj 
which is primarily a function of average ground contact pressure, 
provides a general measure of gross vehicle mobility. In addition, 
knowing the VCIj, and the soil strength and type in a region, one can 
calculate the rolling resistance expected in the first pass through 
the region. 

In the case of the coupled vehicles, this approach must 
be taken cautiously. If the coupled vehicle is merely regarded as a 
larger and heavier tracked vehicle, a single unit and a coupled pair 
of identical units have the same VC/^. Then for any soil, the cone 
index system calculation will yield the same resistance to vehicle 
weight ratio. However, the real situation is better viewed as identi¬ 
cal vehicles making a first and second pass through the soil. One 
should calculate VCl ? (second pass vehicle cone index) for the second 
vehicle and a corresponding resistance. The published data which is 
the basis for the cone index relationships is primarily the result 
of first pass tests. There have been some tests performed to assess 
capability to traverse a region SO times which have resulted in the 
equation for VCI^q, the 50 -pass vehicle cone index (i.e., the soil 
strength required to permit a vehicle to pass over the soil 50 times) 
but VCIp has not been considered. V CI ^ and VCI^ are listed in 
Table III for the single and coupled Ml 13 and LVTP-7 and for the 
articulated concept. All were calculated as if the multi-unit vehicles 
are long single-unit vehicles. 
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In an attempt to obtain some quantification of the dif¬ 
ference in soil motion resistance between a single and coupled vehicle, 
the Bekker soil system was used to calculate the sinkage and total 
soil motion resistance in selected critical soft soils. As the Bekker 
methodology accounts for the difference in compaction from the first 
and the later road wheels, the resulting resistances reflect the 
fact that the second unit rides in the rut from the first unit. On 
the selected soils, decreases in resistance to weight ratio of 10 - 
20 f were predicted for the coupled vehicles over the resistance 
ratios for a single vehicle. The results are presented in Table IV. 
This agrees witli the Drawbar Pull Tests of the CCRV (Reference 5 ). 

6.I.A Obstacle Negotiation 

In many terrains, the major impediment to vehicle travel 
comes from the obstacles (natural or man-made) which must be negotiated 
or avoided. Since going around impassable obstacles causes an increase 
in travel time, improvement in capability to negotiate obstacles can 
yield a significant increase in overall mobility. 

Coupling vehicles is a way to obtain improved performance, 
in this respect, for several reasons. The first can be regarded as a 
scale effect. The coupled vehicle is, in effect, a larger vehicle 
and in general, the larger the vehicle is the larger the obstacle must 
be to stop it. The second reason for improvement in performance comes 
from the greater ability of the coupled (or articulated) vehicle to 
conform to the surface and utilize its full tractive power. A third 
reason is that the intervehicle forces that are exerted will compen¬ 
sate for those that cannot be generated by tractive effort on the 
obstacle. We will now briefly examine and quantify this performance 
improvement in three situations. 

6 .1.4.1 Step Climbing 

When a tracked vehicle confronts a hard vertical 
step (wall) on a hard surface, the limiting factor is the height at 
which geometric interference prevents the track from contacting the 
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step. Field trials indicate that '/hen the track can engage the step, 
vehicles of the type considered here, have sufficient power to climb 
the step. 

The LVTP-7 is specified to handle steps up to 
3 feet h i gli. The M-1 13 will climb a 2 ft step. Powered articulation 
provides a way to raise the front of the coupled vehicle so that the 
track will reach a higher point on a step. The height reached is a 
function of the location of the pitch pivot, the degree of pitch 
possible and the suspension spring constants. Field tests of the 
CCRV (coupled M-113's) demonstrated that a 5 ft high wall was negoti¬ 
able as shown in Figure 23- Using the CCRV as a scale model, the 
larger LVTP-7, calculated to attain the same pitch attitude, can be 
expected to climb a 7 ft high wall as shown and compared to a single 
P-7 in Figure 24. 

6.1.4.2 Trench Crossing 

The ability to cross a hard surfaced trench is 
also essentially a geometric problem. The limiting dimension is ap¬ 
proximately the smaller of the horizontal distances from the center 
of gravity to the first and last road wheel centerlines. r he vehicle 
can bridge any gap smaller than this value (which is at best half the 
track length). If the gap is larger, the vehicle will fall into the 
gap and encounter interference. (There is a small safety margin by 
contacting with the portion of the track between the limiting road- 
wheel and the sprocket or idler.) For the coupled vehicle, the combined 
center of gravity is between the tracks of the front and rear unit, 
thus the vehicles can bridge a gap as wide as the length of contact of 
one of the tracks. Hence, the coupled vehicle can cross gaps at least 
double the width of those which the single vehicle can bridge, as 
shown in Figure 25- 

Again by using the CCRV as a scale model, its 
demonstrated capability to cross an 11 ft wide trench is used to 
project a conservative 14 ft (possibly 16 ft) width for the coupled 
P-7 in Figure 26 , compared to the 8 ft capability of a single P-7 in 
Figure 27 . 


-31- 







6.1.4.3 Climbing of Natural Terrain Feature Obstacles 

A finely detailed analysis of the motions of and 
forces on a vehicle during negotiation of a general obstacle (i.e., 
an obstacle having an arbitrary shape and soil) would require extension 
of existing methodology. The most recently developed simulation 
obstacle negotiation is that called OBS 78 B, which is a part of the 
NATO Reference Mobility Model, Edition I completed in the Spring of 
1979 (Reference b). In this simulation, all compliance and dynamic 
effects are neglected, the obstacles are symmetric trapezoids and 
motion resistance is accounted for through a uniform coefficient. 

The simulation only deals with single unit tracked vehicles and even 
these are modeled as equivalent wheeled vehicles. A validation program 
and further development of this simulation are planned. An extension 
to articulated tracked vehicles is highly desirable, but some distance 
in the future. 

Consequently, for this study, a "quick look" 
approach was taken for this obstacle negotiation problem. In the 
LVA Concept Analysis (Reference 7), the Linear Features Obstacle 
Module was designed to assess the vehicle's capability at those 
points in the obstacle negotiation which were judged to be the criti¬ 
cal places. Mission scenarios typical of operational conditions which 
would be encountered by this class of vehicle were defined. 

Reviewing the results of the I.VA Mobility 
Analysis it was observed that all of the NO-GO's identified for the 
LVTP-7 had the same cause. This was a lack of sufficient tractive 
force to climb the obstacle due to a combination of weak soil and 
obstacle geometry (approach slope and obstacle height). 

The advantage of coupled vehicles lies in the 
capability of the unit which is still (or, again) on level ground to 
assist the unit on the slope. If the slope is long enough for both 
vehicles to be on it at the same time, there is no benefit to coupling. 
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The basic relationships for this analysis are 
presented in Appendix C. The resolts of the analysis comparing single 
and coupled units of P-7 size on an obstacle of a height arbitrarily 
chosen as 200 inches are given below: 


SOIL TYPE 

Limiting SI 

Single 

ope (Degrees) 

Coup 1ed 

Cohesive c = 3 psi 

14.0 

28.5 

c = 4 ps i 

23.5 

46. 5 

Fr ict iona 1 cp = 20° 

15.5 

31.0 

cp = 25° 

21.5 

45.0 


6.1*5 Water Exiting 

At the present time there is no acceptable analytical pro¬ 
cedure available to calculate the exiting capability of vehicles, let 
alone coupled or articulated ones. Therefore, the same procedure 
was used as for the obstacles, that is, to compare the coupled vehi¬ 
cles to the known performance of the CCRV of Reference 5* for that 
purpose, the floating trim attitude of the coupled P-7 models was 
measured in the towing tank, and found to be identical to that of the 
CCRV. Figure 28 shows the two vehicles in their static Floating 
attitude against a 34° shore slope which the CCRV was able to negotiate. 
In Figure 29 it is clearly evident that the trimmed up P-7 has the 
advantage of engaging the shore slope with the front approach slope 
of the track, whereas, the single vehicle engages the shore with the 
bow section of the hull. It is reasonable to assume that the perfor¬ 
mance of the coupled vehicle will match that of the CCRV whose exiting 
performance is known in Figure 30, as reproduced from Reference 5- 

6.1.6 Corridor Turning 

A computer simulation has been developed by Stevens Institute 
of Technology (Reference 8) to evaluate the corridor turn?no performance 
of a vehicle. Both conventional tracked vehicles and vehicles steered 
by articulating can be analyzed. The program simulates a vehicle turning 
in an L-Shape (perpendicular) corridor. 
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Figure 31 is a representation of a conventional tracked 
vehicle of length 1, and width w, traversing an L-shaped corridor 
having street widths of a and b. The vehicle clearance and 
minimum clearance radii as well as the path radius of the vehicle 
center of gravity are calculated using the geometric fit of the 
rectangular shape through the corridor. Figure 32 shows the results 
for a single P-7. 

The evaluation of a vehicle steered by articulation is 
similar to that for the single vehicle. It is based on t he geometric 
relation of moving a single box shape as shown by the dotted lines 
superimposed in Figure 33 through the corridor. The input parameters 
are the length of the coupled vehicles, the vehicle width, and the 
maximum allowable articulation angle. 

An additional constraint is imposed by the geometry of 
steering by articulation. Accordingly, the method for calculating 
the vehicle clearance radius, the minimum clearance radius and the 
corridor width as a function of yaw angle, and vehicle length and 
width is shown in Figure 3*+. It assumes identical box-like vehicles 
and a symmetrical relationship. 

Some representative comparison values are: 

P-7 Coupled P-7 

• Vehicle clearance radius 16-5 ft 61 ft 

• Minimum corridor width required 16.5 ft 27-5 ft 

The limitations on vehicle turning imposed by the trans¬ 
mission are considered next. Figure 35 shows the relationship between 
vehicle speed and path radius for the LVTP-7 with the HS-IjOO trans¬ 
mission. Note that while the vehicle can make a pivot turn, it does 
such a turn in neutral at zero speed. 

Figure 36 shows a combination of the transmission capa¬ 
bilities and the vehicle geometry limitations, defining the areas 
of useful operation of the single and the coupled P-7's. 
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6.1.7 Cross Country Ride 

Cross country vehicle performance is limited by a variety 
of factors. In soft soil, lack of power or the ability to transmit 
the power to the soil may be the limiting facto.. In other places 
lack of visibility or maneuvering around and among obstacles and 
vegetation can be the primary factor. On relatively hard surfaces, 
the limiting factor is often the driver's tolerance to his vibrational 
environment when the vehicle is operating over continuously rough 
ground and/or the driver's tolerance to impacts received while the 
vehicle is crossing discrete obstacles. The vehicle driver/terrain 
interaction, together with the related vibrations and impacts at 
other locations in the vehicle, are usually referred to as ’’ride". 

Articulation and coupling has long been recognized as a way to 
obtain a significantly better ride in tracked Vehicles (Ref. 1). This is 
due to the articulated vehicle having greater length than a comparable 
single vehicle as well as power absorption in the coupling. This was 
also borne out by the ride evaluation test in the CCRV program, which 
was conducted over a single course having an RMS roughness of about 
2 inches. Compared at the commonly used power absorption level of 
6 watts in the vertical direction at the drivers' seat, the coupled 
units could be driven 50 percent faster than the single unit in 
rigid mode (length effect) and twice as fast in a limited pitch freedom 
mode (combined length and damping effects) (see Figure 37> borrowed 
from Reference 5). 

Computer programs to predict ride quality exist. They are 
time consuming and costly to run. The accuracy of the output is 
dependent on the accuracy of input parameters whose values are usually 
difficult to obtain. For these reasons, a complete ride analysis was 
judged to be beyond the scope of this study. 

6.1.8 Land Performance Summary 

A summary comparing the known land performance of several 
existing vehicles with the projected performance of the concepts is 
presented in Table V. 
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6.2 WATER PERFORMANCE 


The behavior of the coupled LVT in calm water and head seas was 
determined from sub-seale model tests using 1/8.2-scale models. This 
section describes the models used, the test techniques, the results 
obtained and discusses the full-scale predicted performance. 

In order to give the model study a degree of real ism,the tests 
were based on the LVTP-7 amphibious tracked vehicle used by the Marine 
Corps. It should be recognised that the characterist ic behaviour of 
the coupled LVT is not dependent on the specific vehicle type and as 
far as possible the results and conclusions ore presented in a form 
independent of the specific configuration. The selection of the P-7 
for the purpose of making model tests was discussed with and agreed 
to by DTNSRDC Code 112. 

6.2.1 Model Description 

Two models of the LVTP-7 were built and one of the pair is 
shown in Figure 38. Each model had an overall length of 38 inches (a 
model scale of 1/8.2) and was built to FMC Dwg. No. ^168^8*+. The pine 
models incorporated flexible tracks, moveable suspension systems and 
individual road wheels which could be adjusted to allow for track 
extension. 


The models were coupled together with a spacing between 
them corresponding to lU inches: hereafter all quantities will be 
given in terms of full-size equivalents. The coupled models could be 
run free-to-pitch about the main bearing located 56 inches above the 
vehicle base line and midway between the two vehicles. The relative 
incidence between the coupled vehicles would be fixed by means of a 
pair of adjustable tie rods between the lead and trailing vehicle 
located 8.75 ft. above the base line and spaced 5 ft. apart to allow 
for yaw adjustment. 
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The lead model was equipped with a free-to-trim towing 
fitting whose pitch axis was 170 inches aft of the bow and 51.7 inches 
above the base line (STA 204 and WL 51.7). Both models had accelero¬ 
meters located at STA 178 on the model centerline to measure the 
vehicle acceleration in the rough water tests. In order to measure 
the bending moment between the coupled vehicles in waves, the adjustable 
coupling was replaced by a strain-gaged beam for a limited series of 
tests. 


Model particulars are given in Table VI. 


6.2.2 Test Program 

Tests were conducted in the Davidson Laboratory Tank 3 test 
facility, a high speed towing tank 300 ft. in length, 12 ft. wide by 
6 ft. deep, equipped with a monorail drive and plunger wave maker. 


The test models were ballasted to draft marks corresponding 
to the Combat Equipped LVTP-7. This loading was selected as being the 
most severe because the associated forward LCG on the current LVTP-7 A1 
leads to green water over the bow at intermediate speeds. Tests were 
also run at the Combat Loaded Condition: 


Condition _ 

Combat Equipped 
Combat Loaded 


Weight, lb, 

42.377 

52.377 


’■ LCG, ST A 
1 Q 7.89 
199.85 


LCG,7L 

49.3 

53.2 


Longitudinal locations on the P-7 are conventionally given 
in terms of Stations which are distances aft of the bow in inches plus 
34 inches. Positions as a percentage of the overall length are obtained 
by subtracting 34 and dividing by the length of 312 inches. 


Tests were run with the single vehicle in calm water over 
the speed range of 4 to 9 mph in order to provide correlation between 
model and full-scale data. In this as in all the tests, the tracks were 
extended and hung in a free catenary taken to be representative of 
operating conditions. 
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The models were then coupled together and a series of calm 
water exploratory tests were run to determine the effects of relative 
incidence between the models, locked versus free-to-pitch coupling, 
and spacing. The test conditions were selected from the following 
matrix: 


Load Condition _ 

Speed, mph 

Relative Incidence, Deg. 
Inter-Vehicle Spacing, In. 


Combat Equipped _ 

4,5,6,7,8,9,10,11,12,13 
Free, 0,2.7,4,5.5,7,10,15 
14, 30 


Head sea tests in Sea Stale 2 (significant wave height 
2.2 ft.) were then run for the following conditions based on the find¬ 
ings of the calm water exploratory tests: 


Load Condition _ 

Speed, mph 

Relative Incidence, Deg. 
Inter-Vehicle Spacing, In. 


Combat Equipped 
6 and 8 

Free, 0, 10, 15 
14 


On the basis of deck wetting and driver visibility the 15 
degree incidence was selected as optimum: in the static condition at 
this relative incidence the coupled vehicles floated with the lead 
vehicle at a bow-up trim of 7 degrees and the trailing vehicle in a 
bow-down attitdue of 8 degrees, Figure 39* The drag of the coupled 
vehicles did not vary with incidence and changes in vehicle spacing 
had no significant effect. 

With the coupled vehicles at 15 degrees incidence and 14 
inches spacing the following conditions were run in calm water and 
head seas: 


Loading, lb. 42,377 and 52,377 

Speed, mph 4, 5, 6, 7, 8, 9, 10, II, 12, 13 

Significant Wave Height, Ft. 2.2 and 3.3 
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In addition, the effect of fitting a bow extension to the 
lead vehicle was investigated. Both buoyant and non-buoyant extensions 
(5 ft. by 5 ft. in planform) were tried. 

6.2.3 Test Results 

The measured quantities included the drag, trim and draft 
of the lead vehicle in calm water. In the head sea tests these measure¬ 
ments were supplemented by recordings of the accelerat ions in the lead 
and trailing vehicles at points 46% of the vehicle length behind the 
bow of each vehicle. 

The test results are discussed in the following sections 
and are presented graphically in Figures 40 through 51. 

In addition to these quantitative results, video tape 
recordings were made of the rough water tests, the head and beam sea 
coupling experiments were recorded on motion picture film, and still 
photographs were taken of representative test conditions. 

6.2.4 Full-Scale Predictions 

6.2.4.I Single Vehicle in Calm Water 

The model results are expanded to full-scale by 
a technique known as Froude Scaling in which velocities are multiplied 
by 2.86 (the square-root of the 8.2 scale ratio) and forces are 
multiplied by the cube of the scale and by the ratio of the density of 
salt water to fresh water, which is the displacement ratio of 566. To 
demonstrate the validity of this technique the results are compared 
to the full-scale values obtained with the prototype LVTX-12 in Figure 
40. 


Although the LCG on the prototype LVTX-12 was 6.5 
inches further aft than that of the LVTP-7, good agreement was obtained 
between the model and full-scale results (Reference 9). 
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Also shown on this plot is the thrust available 
from the jet assuming an installed power loading for the P-7 of 21 
Hp/ton, an allowance for auxiliaries of 17.5% and an overall propulsive 
coefficient of k0% based on the trial results. It is clear that the 
P-7 has the power to go faster if it were not for the decrease in trim 
above 8 mph. The results of the prototype trials contain the obser¬ 
vation that the speed is limited by the (negative) vehicle trim. 

6.2.4.2 Coupled Vehicle in Calm Water 

The calm water drag of the coupled vehicle at the 
combat equipped weight is shown in Figure 41 and contrasted with that 
of the single vehicle. 

The relative incidence between the coupled vehicles 
has no effect on the drag, so that the incidence may be selected on 
the basis of running attitude and water shipped over the bow and on to 
the driver's station. Variation in spacing between the vehicles also 
had no effect on the drag so that this parameter may be selected to 
accommodate the yaw angle necessary to steer the vehicle. The drag of 
the coupled vehicle, on a per ton basis, is about 75% that of the single 
vehicle due to doubling the length; above 8 mph the coupled vehicle 
has a speed advantage of 2 mph for the same installed power, since it 
does not bury its bow like the single vehicle. Thrust available from 
power installations of 20 and 30 Hp/lb. are shown in Figure 41 to 
show the increasing speed advantage of the coupled vehicle as the 
power increases. 


The increase in the running trim of the lead 
vehicle as the relative incidence is increased is shown in Figure 42. 

The nose-diving of the single vehicle above 8 mph is obvious in the 
trim track at the bottom of the figure. At 15 degrees incidence the 
bow-up trim of the coupled vehicle increases wir.h speed with no tendency 
to bury the bow at intermediate speeds. Beyond 15 degrees incidence 
the vision blocks at the driver's station of the trailing vehicle 
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would be continually under water. Therefore the 15 degree incidence 
was identified as an appropriate attitude in which to run the main 
investigation ‘ncluding the study of rough water behavior. 

The drag of the combat loaded coupled LVT, at 15 
degrees incidence, is 77 less than that of the combat equipped vehicle 
as shown in Figure 43- The trim of the heavier vehicle is also half 
a degree higher, and therefore the bow drier, than at the combat equip¬ 
ped load. Thus, the performance of the combat loaded coupled LVT is 
better than that of the combat equipped vehicle, since the drag in 
pounds per ton of the heavier vehicle is 77. less and the trim is half 
a degree higher. These considerations lead to the choice of the 
combat equipped vehicle as the configuration to be used in the pre¬ 
liminary coupling experiments. 

The calm water tests showed that coupling two LVT 
together resulted in significant drag reduction, eliminated bow burying 
and thereby opened the way for speed improvements of 2 to 4 mph 
depending on the installed power. Speed improvements that could not 
be obtained with the basic P-7 no matter what the power because of 
water over the bow. These improvements in performance were obtained 
with a modest relative incidence of 15 degrees and only got better 
as the vehicle weight was increased from combat equipped to combat 
1oaded. 


6.2.4.3 Seakeeping of Coupled Vehicle 

The performance of the coupled LVT in head seas 
of 2.2 ft. significant wave height (Sea State 2) is shown in Figure 44. 
For the coupled vehicle operation in this sea state reduces the maximum 
speed by only 0.5 mph. Compared with the single vehicle in the same 
sea state, however, the coupled vehicle can operate at 10 mph whereas 
the single vehicle is limited to speeds of about 6 mph. The reason for 
this is excessive water over the bow of the single vehicle at speeds 
above 6 mph. This situation is illustrated by Figure 45 where the 
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single and coupled vehicles in Sea State 2, running at 6 and 10 mph 
respectively, are shown. It mny be noted that to achieve a speed of 
10 mph with the coupled LVT does not require a large power installation: 
in fact a power loading of 22.4 Hp/ton as in the current LVTP-7 would 
be sufficient. On the other hand, no amount of installed power will 
make the single vehicle go faster because of the diving tendency. 

The seakeeping behavior of the coupled vehicle is 
summarized in Figure 46. The RMS vertical acceleration 9 inches ahead 
of the CG of the lead vehicle is shown in the upper graph as a function 
of speed. The acceleration at the corresponding point in the trailing 
vehicle is 40% less. The accelerations are quite modest and are seen 
to reach their maximum at 8 mph where for the combat equipped lead 
vehicle the RMS acceleration is 0.08g and the aveiage of the 1/10 
highest peak acceleration is 0,2g. Increasing the weight from combat 
equipped to combat loaded decreases the accelerations and the motions 
as shown in the lower plot. Increasing the speed from 6 to 10 mph 
reduces the pitching and heaving motions 30%. While the accelerations 
in the single and coupled vehicle are similar, the motions of the 
coupled vehicle are much smaller in the 4 to 6 mph speed range. 

The ride quality in Sea State 2 at 8 mph in the 
combat equipped condition, where the coupled vehicle experiences the 
largest accelerations, is shown in Figure 47. The lead vehicle of the 
coupled LVT shows a peak RMS acceleration at 0.4 Hz that is 15% higher 
than the single vehicle; however, operation of the single vehicle at 
8 mph is barely practical due to bow burying. Either configuration 
is well below the one hour exposure "fatigue decreased proficiency" 
limit recommended by the International Standards Organization, and both 
are below even the ISO two hour exposure limit. 

The tests in waves showed that the coupled LVT 
behaved well at speeds up to 10 mph. Above this speed in headseas, 
however, considerable water was shipped over the bow. An experiment 
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was conducted in which a 5 ft. bow extension was fitted as shown in 
Figure 48. The non-buoyant extension was very successful in sup¬ 
pressing the bow waves at speeds of 10 and 12 mph as shown in Figure 
49. With sufficient power installed this simple bow extension, which 
could easily be folded when not in use, would extend rough water 
operation to at least 12 mph. The effect on the seakeeping perfor¬ 
mance is shown in Figure 50 for Sea States 2 and 3 (significant wave 
heights of 2.2 and 3.3 ft.). The increase in drag between Sea States 
2 and 3 is minor and while the acceleration in Sea State 3 is 50/ 
greater than in Sea State 2, the 1/I0th highest acceleration in Sea 
State 3 is still only 0.3g. 

The possibility of coupling the two vehicles in 
a seaway was examined in a qualitative manner. The uncoupled vehicles 
were placed bow-to-stern in head seas and beam seas and their resulting 
motion recorded on color motion picture film. Targets and grids were 
mounted on the models to assist in estimating the resulting motions. 

It seems unlikely that the vehicles could be coupled in head seas due 
to the excessive relative motions. Coupling in beam seas might be 
possible and deserves further study if an operational need develops. 

In order to determine the bending moment between 
the vehicles, and consequently the size of the coupling, the rigid 
coupling was replaced by a strain-gage beam that held the models at a 
relative incidence of 15 degrees. The models were run in head seas of 
State 2 up to 12 mph and time histories of the bending moment were 
recorded and analyzed. The mean bending moment is shown in Figure 51 
together with the maximum and minimum values. This data was used 
to size a "water-only" coupling. 



A summary of the hydrodynamic performance is presented in 

Table VI I. 
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TABLE V. LAND PERFORMANCE SUMMARY 
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TABLE VI 


HYDRODYNAMIC MODEL PARTICULARS 
(Values given as full-size equivalents) 


Vehicle Length, ft 

26.0 

Beam, ft 

10.6 

Depth, ft 

8.2 

Loading: 

Combat Equipped, lb 

^2,377 

Combat Loaded, lb 

52,377 

Coupled Vehicles 

Overa11 Length, ft 

53.2 

Relative Incidence, degrees 

15.0 
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WATER PERFORMANCE SUMMARY 
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FREE YAW FREE PITCH FREE ROLL 

CONCEPT 1 . Ball Joint 
FIGURE I 
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ASSYMETRI CAL YAW 


FREE PITCH 


LIMITED ROLL 


CONCEPT 2. Off-Center Balt Joint 







POWERED YAW 


FREE PITCH 


CONCEPT 


3. Symmetrical Yaw 
FIGURE 3 









POWERED YAW 


POWERED PITCH 


FREE ROLL 


CONCEPT k. Symmetrical Yaw with Independent 

Pitch Control 


FIGURE A 
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POWERED YAW POWERED PITCH FREE ROLL 

CONCEPT 9. Turn Table 
FIGURE 9 
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POWERED YAW'PITCH 


TREE ROLL 


CONCEPT II. Trunnion Mount, Interna) Coupler 
FIGURE I) 
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le, Powered Through Joint 
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FIGURE 15. Conceptual Powertrain Schematic for 
the Articulated Vehicle 
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FIGURE 18. Tractive Effort, Articulated 









CONCEPT* LUTP-7 P START GEARS HAX. INPUT HP* 400 

ROLLING RESIS. (LB/TON )* 90 HAX. INPUT RPP1* 2800 

ENGINE* 8U53T GUU* 52000 

TRANSNISSION* HS400 FINAL DRIUE* 3.06 








CONCEPT * LUTP-7 P START GEARS MAX. INPUT HP* 400 

ROLLING RES IS.< LB/TON ) * 90 MAX. INPUT RPM: 2800 

ENGINE * 8U53T GUUt 52000 

TRANSMISSION* HS400 FINAL DRIUE* 3.06 



FIGURE 20. 






CONCEPTS ARTICULATED 
ROLLING RESIS . ( LB/TON ) * 
ENGINES LCR-V903 Aux * 
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SINGLE VEHICLE 



COUPLED VEHICLE 



FIGURE 25. Trench Crossing, Basic Geometry 
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PATH RADIUS - FEET 


FIGURE 35 

Minimum turning radius (to the Cfl) versus speed for the 
I.VTP7 vehicle with the I'MC MS 400 transmission (Note: 
Converter l.ock-tip produces constant radius of turn for 
a Riven ranee of speed] 
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FIGURE 36 
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FIGURE 40 
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Thrust 
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SINGLE VEHICLE CALM WATER DRAG COMPARISON 
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FIGURE 43. EFFECT OF VEHICLE WEIGHT ON CALM WATER DRAG 
AND TRIM OF COUPLED LVT 
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FIGURE 44. PERFORMANCE OF COUPLED LVT IN SEA STATE 2 
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COUPLED AT 10 MPH 

FI CUKE 45. SINGLE AND COUPLED VEHICLES IN SEA STATE 2 
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FIGURE 46. SEAKEEPING OF COUPLED LVT IN SEA STATE 2 
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FIGURE 50. SEAKEEPING PERFORMANCE WITH BOW EXTENSION 
AT COMBAT EQUIPPED LOAD, SEA STATE 2 f, 3 
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FIGURE 51. BENDING MOMENT BETWEEN VEHICLES IN HEAD SEAS 
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SECTION MODULUS CALCULATION FOR 
TUBULAR CROSS-SECTION 


4 4 

W = JL D--d_ 

32 D 

FOR: D = 20" (outside diameter) 

d = 19.25" (inside diameter) 

4 4 

u = _H 20^ - 19-25 

L 32 20.00 


W L = 111.35 in. 


BENDING MOMENT 


FOR LAND M l = 4,030,000 lbs.in. 
FOR WATER M y = 1,200,000 lbs.in. 


STRESS CALCULATION FOR LAND OPERATION 


„ = J= , MH^OO = 6 • 

n W L 111.35 5 ’ ^ 5 P ' 


SECTION MODULUS REQUIRED FOR WATER OPERATION 


W _ ... 1,200 ,000 _ 77 . 3 

^ ~ W L X M l 1,1 -35 x 4^030,000 33.16 in. 

FOR: 14" OD - 13.25" ID Joint 


, 4 4 

u - JL 14 - 13.25 

^ 22 * 14 


53.25 in.^ avai 1 abla 
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Calculation of forces in the pitch cylinder 

Moment arm - 32" (Distance from the pitch axis to center 1 i ne 

of the pitch cylinder, at 0° position). 

Force = Moment/L,. 

M 


LAND OPERATION WATER OPERATION 


Moment (1bs . in) 

Force Required (lbs.) 
Sect ion Modulus 
Cylinder Size 
FORCES: 

Push (lbs.) 

Pull (lbs.) 


4,020,000 

125,937 

111 in 3 

10" dia. x 4^" rod 

157,000 

125,000 


1 , 200,000 

37,500 

53 in 3 
7" dia. x 3" rod 

76,980 
62,840 
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PRELIMINARY WEIGHT ESTIMATE 
PROTOTYPE VEHICLE COUPLING JOING (AS PER FIGURE 17) 












FIGURE A-2 
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S l OF. PUILAWAY 0 I SCON MFC 1 APPARATUS 


Patent tis 1 ;- i gne-1 I i Ait- (orci 1 
AUTHOR: f.OCiil lu(:h, Cl'-iflf R. 

O.S'U',4 FU): 1 X ur,GR0R‘iljO2 
2 N n Ob 
Mint tor: IB 

Available from C'l't" 11 ' 1 s i unor of Pot cuts. Wash i r.qt on , D.C.. 

20231. SO.BO 

Abstract : ’tip d i r-cv. "■(' t npp.u it us is useful on o rocket 1 .1 o.l 
si.-ii ns is usr.i to <im-ucl High velocity and hitl" 
accelerat ion-Jeco1i at man t <> 11 •» of hoed/, ire relating to 
flight. the appara t us disengages one op n.orp gu i ckd i sconnoc t 
devices fret'll trie n- v mq sled t ransverse to the fot'wor'd 
p’ovr'ticnt of trie vehicle. One part of the device is attached 
to lire sled and the other ha I f to the apparatus. 

Descriptors: (- 010,00111001 fittings. Test vehicles), Patents. 
Pocket-prape1 Ied sleds. Hose couplings. Electric connectors, 
Opei'at i on 

Patent 3.215.970 


Remote Urvrnnrird Work System (RUinrS) Matching Lntch 
Department of the Navy Washington 0 C (110050) 

Pa tent 

AUTHOR: Tr'yon. Paul y I. 

015G-1M2 fit): 13,1. -17A, 90A CRA17701) 

Filed 12 dan 7C. patented 2G Oct 76 Sp 
Rout No: PAT-MM’L-VvUS 2201 l'Mtnl-3 9B7 741 
Ttin i 1 or : : fj 

Supersedes AD-H002 5113. 

This (',.jverri',.'i't-o*ni'il in.e-'tion available for- U.S. ' leer;, mq 
find, possibly, for foreign 1 i 0 ...ns 1 ng. Copy of patent available 
Commissioner oi Patents. Washington. P.C. 20231 <0.50. 

Abstract! Tim patent relate-, r.u a device v.tu 1 a ... 

interconnect inn of a f •<•>•, t uulei s>n vehicle tethered to a 
second under-..-a ve",, le is sored by matin: assemblies 
carried on !' it’i vehicles. r he t e t tier' 1 n,: cable extends Ihre-ggn 
a prod ast.ivbl, carried on the tctiie-.d vehicle ar-d functions 
mainlv to deploy and retrieve the tethered vehicle. During the 
connection of the t .yo ve:i t«: I os the cable servos to cl'-a* the 
pr-'d assembly into a '.itrhinj a', onib I y carried 011 the Second 
undersea vehicle. Several inds are cammed into an annular 
arouve on the prod as.embly and a pa 1 r of opposing helical 
springs mechanically interact to lock the pawls in place. The 
coaction of the spring-,' working on a collar 00 the prod 
assembly and a sleeve un the latching assembly makes 
accidental disengagement nearly impossible until hydraulic 
actuators assist the force produced by the sleeve spring to 
overcome the force exerted by the collar spring to release the 
paw Is. 

Descriptors: • Underwot cr vehicle-,, ‘Latches. ‘Patents. Coaxial 
cables. Mechanical cables, fathering. Couplings, Release 
mechanisms. Remote control. Unmanned 

Identifiers: PAT-CL-1 1 4-1 6 . NTISC.PN 


AD-0003 290/7ST 


NTI5 Price: Not available NTIS 
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Coupling Device for Moving Vehicles 

National Aeronautics and Space Administration, Goddard Space 
Might Center. Greener It, Md. 


Patent Apbl icat ion 
AUTHOR: Rudmann, A. A. 


E?irril2 Fid: 22!l. 22A. H4C. 90A StARlGtG 
Filed I u ’.’a v 70 2.Ip 

Rent Nn: >'■ A T - Ape t-907 436: NAS A-C ASE-GSC-1 23??-1 
Mon i tor* r t H 

The.. Go-eeni’mnt-owned invention available for U.S. 
and, possibly, for foreign licensing. Coov of 
avai1 ah 1e NT 1S. 


Iicensing 
appIica tion 


Abstract: A mechanical system was designed to capture and/or 
deploy a device or vehicle having relative motion with respect 
to another vehicle. The mechanism includes an onboard 
controlled cot laps d>le iris assembly located at the end of a 
controlled manipulator system carried by one moving ehicle. 
The iris assembly bv means of the manipulator system encircles 
a Probe located on the other moving vehicle whereupon In e iris 
acsomlity activated and one or more iris elements close 
ar:,un<J the probe. thus capturing and axially aligning trie 
other vehicle with the iris assembly. Additionally, a rotator 
assembly is included for spinning the iris assembly in a 
manner adapted to engage the probe of a spinning vehicle. 

Descriptors: 'Couplings. -MoninuI a tors, 'Remote handling, 
•Rocket vehicles. 'Patent applications. ‘Spacecraft docking, 
Irises (Mechanical apertures) 

Identifiers: NTiSNASA 


N78-25429/9ST NTIS Prices: PC A02/ME A01 


ID NO.- E I 7 t X041'e> 79 146079 

Automatic coupler, for Europe 
' Ry Gar v 1?h n 17 Sept 4 1-170 I) 670-1 CODEN: RGZTA 

Italian Wes t i righ- -use has developed a coupler with automatic 
air and el.ftru: connections which can mate with the Willison 
or Soviet SA- 3 designs. The air and electric coupling unit 
described has a pendular suspension support which helps to 
reduce wear on sliding parts. The stages in the coupling 
operation are explained. 

DESCRIPTORS: ('CARS, ‘Couplings), 

CARD ALERT: 682 


10 NO.- Ei7?X0C4317 204617 

On man- machine cobbling ' iiiii.:...i I’.inq the control of A machine 
whose dynamics d » u ,1 present liampinq factors 
RADIIt 1 .)l: ml 7 I ERE 0 

Aiit-ui.it ii: control *n Space. 3. Proc 3rd IFAC Conf Mar ?-o 
19 7 0 . 1: A. I'.'C p 39- li 

Dl SCR I P ItJRS : ( i SPACE VEHICLES. ‘Control). AUTOMATIC CONTROL, 
CARD ALERT: 606. 731 
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•ID NO.- EI 72X036130 ?36 1.50 

System of cl*' i ver 1 o » k - power l ucks. (Fr.hrer)ose Flurfocj'dorer 
fuer* un t Cf'SCM i o J1 i che An f q.iuon ) 

^ Fuertlorn Hoh^r v 21 n 4 M.ir 1971 p 206-U 

This article deals «»th the d« ve l opment and prosonl state of 
engineerinq of a driver I ess pow*? r truck system, using sit- on 
tractors. fork lift trucks and in- floor tractors which are 
capable of reversing. Automatic coupling and decoupling on 
the tractor and pallet pickup and depositing on tne fork lift 
truck are possible. In German with English ahstr^r-t 

DESCRIPTORS: (‘INDUSTRIAL TRUCKS. 'Control). (TRACTORS. 

Remote Control), 

CARD ALERf: 663. 691. 731 


•171 19036*# Ma»ttn Marietta Corp Denver Colo 
DOCKING AND RETRIEVAL MECHANISM ( c18 

J Robert Tewell and R-chard A Spencer /" NASA Goddard 
R*» Center The 11th Aerospace Much Symp Apr 1977 
p 101 110 refs (for availability see N78 19026 09 99) 

Contract NAS8 312901 
Avail NTIS HCAII/Mf A01 CSCL 22B 

An engineering prototype clinking and retrieval mechanism 
fORM' which enables two spacecraft to dork and be structurally 
jo ned on orbit is described The joining of two spacecraft or 
payloads on ortm suppo'ts future planned space activities such 
•» payload servicing deployment and retrieval, and assembly or 
'•'gi space systems Advantages of the DRM include it is a 
nonimpact docking mechanism does not regime impact absorbing 
mechanisms or altitude stabilization on the target spacecraft is 
capable of docking to a spinning spacecraft and can spin up 
•nd deploy a spinning spacecraft or payload Author 
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SUMMARY Final Report 
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Au* f'u.jt i c Hem*jle Control Coupler for Mine Cars 

Foster-Miller A. so o i cites. Inc * Waltham, Mass.‘Bureau of 

Mines. Washington. P.C. (142 400) 

Finil rcpt. 14 Jon 73-Apr 76 

AUTHOR! Atkin \ ,n , 0»ok T.; Aponick , Anthony A. Jr: Lane, A'an 
J . : Loi-bardi , Anthony J. 

023/11.4 Flo: Hi. 4 HA GRA17713 
16 Hpr 76 13 r )p 

Contract! H0346042 
Monitor: BuMines-OFR o7-77 

Abstract: This report describes the Footer-Mi I 'ei' program that 
designed* developed. built. and tested an automatic, remote 
control mine car coupler. This new coupler gives the motor man 
the capability to selectively couple and uncouple cars from 
trie locomotive. to transmit braking intelligence to the 

coupled cars, and to determine if the trip is intact. Hazards 

due to derailment anJ runaway ca»s will be reduced as the 

brakes are automatically applied in any uncoupled car. 
Laboratory tests described herein have been completed on the 
couoler set. Applications include, but are not limited to, the 
unit train system. 

Descriptors: ♦Coal mining, -Mine cars. •Remote control. 

♦Couplings. Mine haulage. Automatic control equipment. Braking 

Identifiers*. NT ISO IBM 

PB-265 558/7S7 NTIS Prices: PC A07/MF A01 
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APPENDIX C 

ACCELERATION CURVES 


Various Coupled Vehicles and Rolling Resistances 

The upper curve represents the perfor¬ 
mance with both vehicles powered. The 
lower curve represents the performance 
with one engine disabled. 


Figure C-l through C-10 
Figure C-ll through C-20 
Figure C-21 through C-30 


Coupled Mil 3—A1 
Coupled LVTP-7 



CONCEPT» M113A1 P START GEARS MAX. INPUT HPt S0S 

ROLLING RESIS . (LB/TON ) t 70 MAX • INPUT RPflJ S800 

ENGINEt 6U53N GUU» SS600 

TRANSMISSION* TX100 FINAL DRIUE* 3.93 



IGURE C- 








CONCEPT* I1113A1 P START GEARS MAX. INPUT HP* 202 

ROLLING RESIS.(LB/TON)» 70 MAX. INPUT RPfl* 2800 

ENGINE* 6US3N GVU* 22600 

TRANSMISSION* TX100 FINAL DRIUE* 3.93 



FIGURE C- 






CONCEPT: M113A1 P START GEAR2 MAX. INPUT HP: 202 

ROLLING RESIS.(LB/TON): 90 MAX. INPUT RPM: 2800 

ENGINE! 6U53N GUU: 22600 

TRANSMISSION: TX100 FINAL DRIUE: 3.93 



IGURE C- 









NCEPTJ PI113A1 P START GEARS MAX. INPUT HPt 202 

LLING RESIS.(LB/TON ) t 90 HAX♦ INPUT RPN* 2800 

GINE * 6U53N GUU» 22600 

ANSNISSION* TX100 FINAL DRIUEt 3.93 
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CONCEPT! H113A1 P START GEARS MAX. INPUT HPt 203 

ROLLING RESIS.(LB/TON)! 1S0 MAX. INPUT RPMl 3800 

ENGINE* SU53N GUI*!* S2600 

TRANSMISSION! TX100 FINAL DRIUEi 3.93 




CONCEPT! Ml13A1 P START GEAR2 P1AX. INPUT HPi 202 

ROLLING RESIS. (LB/TON)i 150 MAX. INPUT RPPlt 2800 

ENGINE* 6U53N GVU: 22600 

TRANSMISSION! TX100 FINAL DRIUEl 3.93 



FIGURE C- 






CONCEPT» Ml13A1 P START GEAR2 MAX. INPUT HPt 202 

ROLLING RESTS.(LBxTON ) i 150 MAX. INPUT RPM: 2800 

ENGINE 1 6U53N GUUi 22600 

TRANSMISSION» TX180 FINAL DRIUEl 3.93 



FIGURE C-8 









FIGURE C-9 
























CONCEPT» LUTP-? P START GEARS MAX. INPUT HPt 400 

ROLLING RESIS.(LB/TON 90 MAX. INPUT RPPU S800 

ENGINE» 8US3T GUUi 52000 

TRANSMISSIONl HS400 FINAL DRIUEt 3.06 
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FIGURE C-1 3 





CONCEPTl LUTP-7 P START GEARS P1AX. INPUT HPl 490 

ROLLING RES IS. ( LB/'TON ) * 90 WAX. INPUT RPJ1* 2800 

ENGINEJ 8US3T GULM 52000 

TRANSMISSION» HS400 FINAL DRIUEt 3.06 



FIGURE C-14 



















CONCEPT* LUTP-7 P START GEAR2 MAX. INPUT HP* -460 

ROLLING RESIS.(LB/TON )* 120 MAX. INPUT RPM* 2800 

ENGINE* 8U53T GUU* 52000 

TRANSMISSION* HS400 FINAL DRIUE* 3.0G 
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CONCEPT* LUTP-7 P MAX. INPUT HP* 480 

ROLLING RESIS.(LB/TON ) * 150 MAX. INPUT RPM* 2800 

ENGINE* 8U53T GUU* 52000 

TRANSMISSION* HS400 FINAL DRIVE* 3.06 




CONCEPTl LUTP-? P MAX. INPUT HP« 400 

ROLLING RESIS. (LB/'TON)* 150 NAX. INPUT RPP* 2800 

ENGINE: 8U53T GUU» 52000 

TRANSMISSION» HS400 FINAL DRIUE: T.06 






NCEPTl LOTP-7 P START GEAR2 MAX. INPUT HP* 400 

LLING RESIS.(LB/TON ) * 180 MAX. INPUT RPM» 2800 

GINEi 8U53T GUUt 52 000 

ANSMISSI ON * HS400 FINAL DRIUE* 3.06 
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FIGURE C-l 9 







CONCEPT* LUT-X P MAX. INPUT HP* 450 

ROLLING RESIS.(LB/TON)* 70 HAX. INPUT RPH* 2600 

ENGINE* RC2-350 GUU* 41133 

TRANSMISSION* GE FINAL DRIUE* 4.333 



FIGURE C-21 




CONCEPT* LVT-X P MAX. INPUT HP* 450 

ROLLING RESIS. (LB/TON)* 70 MAX. INPUT RPfl* 2600 

ENGINE* RC2-350 GUU* 41133 

TRANSMISSION* GE FINAL DRIUE* 4.333 



FIGURE C-22 












CONCEPT* LVT-X P MAX. INPUT HP* 450 

ROLLING RESIS.(LB/TON ) t 90 MAX. INPUT RPN t 2600 

ENGINE* RC2-350 GUU* 41133 

TRANSMISSION * GE FINAL DRIUE* 4.333 



FIGURE C-24 















FIGURE C-28 
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CONCEPT! LUT-X P MAX. INPUT HPt 450 

ROLLING RESIS. (LB/TON) l 180 MAX. INPUT RPPIt 8600 

ENGINE! RCS-350 GUUl 41133 

TRANSMISSIONi GE FINAL DRIUEl 4.333 
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TRACTIVE FORCE 

T = Force required = R + W sin 9 

R = Soil motion resistance = RTOW * N 
W = Weight 
0 = Slope angle 
N = Normal force = W cos 0 
RTOW = Resistance to weight ratio 
Available from Soil = A * c + N * tan 0 
c = Soil cohesion 
0 = Soil friction angle 
A = Area of support on ground 

The area of support depends on vehicle and obstacle geometry. 
For this analysis, it is assuned to be as large as possible, i.e., the 
smaller of 2 * TL * WID and 2 * BL * W1D where: 

WID = Width of one track 
TL = Length of the track on the ground 
BL = Banklength = OBH/sin 8 
OBH = Obstacle height 

One should note that in the case of the single unit, the forces required 
are completely determined in equilibriun. 
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With coupled vehicles, the first unit can be in this critical 
position while the second unit still has capacity to assist. (Of course, 
if the obstacle is large enough to contain the entire coupled combination, 
the same immobilization will occur.) This situation is pictured below: 



In studying this situation, we first considered those obstacles 
which had been indicated as NQ-GO's in the LVA Scenario I for the P-7* 

We found that the geometry of the coupled P-7's is such that the center 
of gravity would be over the crest, i«e., the size and ability to con¬ 
form to the ground,allow the first unit to attain the top of those 
mounds with relative ease. (These mounds were about three (3) feet high.) 

We then looked at obstacles which are large enough to support 
a single unit on their slope. (As noted before, if both units fit on 
the slope Immobilization is not affected by coupling. The gain is in 
those intermediate in size.) Unlike the case of the single unit where 
the desired forces (tractive and normal) are determined by the equilibrium 
equation, we now must obtain four (^) forces and have only three ( 3 ) 
equations from equilibrium 
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To obtain a fourth relationship, we restricted the study to the 
extreme soil types, purely frictional soil (sand), and purely cohesive 
soil (clay). In general, the tractive force available from the soil is 
a linear combination of the contact area (A) and the normal load (N), 

Tractive force available = A * c + N tan 0, 

where c and 0 are the soil descriptors. In the case of frictional soil 
(c = 0) it is assumed that the tractive forces on the first and second 
units will be proportional to the respective normal forces, i.e., Tj = 
kNj and T^ = kN^. Then the tractive force is available from the soil if 
k < tan 0. For cohesive soil (0 = 0) the assumption is that the tractive 
forces will be proportional to the area, T^ = kA, and T= kA^• In this 
case the force is available from the soil if k <c c. 

The result of the analysis is, for a given soil and obstacle 
height, the limiting obstacle approach angle for traction of the vehicle 
in this specified critical position- The difference for the single and 
coupled vehicle provides an indication of the capability of the second 
unit to provide assistance in obstacle climbing. It is, however, merely 
a "snap-shot" of one position in the entire traversal. For the table 
below, an obstacle height of 200 inches was arbitrarily chosen. 



LIMITING SLOPE 

SOIL TYPE 

SINGLE 

COUPLED 

Cohesive c = 3 psi 

14.0 

28.5 

c = 4 psi 

23.5 

46-5 

Frictional 0 = 20° 

15.5 

31.0 

0 = 25° 

21.5 

45 .O 
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